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COMPLETE SPECIFICATION 
Improvements in or relating to WeU-FIow Control Deyices 



We, Sun On. Company a Coiporadon 
organized under the laws of the State of 
.IZ States of America, of 

1608 Wakut Street, Philadelphia 3. Penn- 
q^liMia, United States of America, do here- 
by declare the invention, for which we pray 
that a patent may be granted to tis, and the 
method by vfbidi it is to be perfomed, to 
be particularly described in and by the fol- 
lowmg statement: — 

This invention relates to a well-flow con- 
trol device useful in the production of hydro- 
carbons from wells, and more particolariy 
to a tool for enabling the production of wcU 
fluids from a plurahty of formations pene- 
trated by a well, or in other words, a mul- 
tiple completion tool. 

In well drilling practice, a single weU may 
penetrate a plurality of formations which 
contam oil or gas. It is often desirable, in 
such cases, to complete the wdl for simul- 
taneous production from more than one of 
the formations penetrated. The conventional 
procedure for domg this is to effect a dual 
completion, with die flow from a lower for- 
mation or zone taking place throu^ the well 
tubmg, and die flow ficom a higher forma- 
tton or zone taking place through the annulus 
between the tubing and casing. Chokes are 
provided at the surface (well head) for 
sgaratdy regulating die rates of flow of the 
metwo streams, to confoim to the allowaUe 
production rates for each zone. 

The foregoing mediod of dually com- 
pleting a wefl & unsatisfactory, for several 
reasons. Production thnm^ the annulus is 
hazardous, due to the &ct that die fluid 
stream tends to cause conosaon and erosion 
of the casing, thereby allowing die possibility 
of a blow-ou^ or subtenanean loss of hydro- 
carbons to an upper fonnatkin. Also, when 



can be apphcd for only one zone at a time, 
and that only in an efficient manner; con- 
sequentiy, both production strata cannot be 
depleted sunultaneously. In many cases, this 
results in large quantities of otiierwise re- 
coverable oil being left in die reservoirs. A 
further unsatisfaaory condition arises when 
the annulus zone (tiie higher zone) begins to 
produce salt water. Due to inefficient flow 
m the annulus, salt water accumulates there- 
in, and thus loads up the well and stops the 
oil flow. Production from that zone then is 
generally abandoned. Later anempts to pro- 
duce from such zonci after the other zone 
has become deleted, often fafl to restore tiie 
production. Stifl another drawback in con- 
vamonal dual completions is tiiat paraffin 
oftm tends to accumulate in die annulus: 
sud) acammlations aro difficult to remove. 

Accordmg to the present invention there 
IS provided a wdl-flow control device adap- 
ted to be positioned in well tubmg for con- 
ttTolhng the flow of a fluid into the tubmg 
from a producing formation, comprising an 
outer housmg having an openmg for com- 
munication with the interior of said tubing; 
m^s carried by the housing for retrievably 
locking the same at a predetermined location 
in the tubmg, packing means for dosing die 
annular space between die housing and tub- 
mg above said opening, said housing having 
an mtemal flow channd extending upwardly 
from Its opening; an inner housing having 
an mtemal fluid flow passage for communica- 
tion with said flow channel and widi the in- 
tenor of said mbing above said paddng 
means; means carried by the mner housing 
for rettievably fastening die same in position 
m said outer housing but allowing the with- 
drawff' of the inner housing widiout the de- 
vice from the well The opening may either 
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Accordlog to another aspect of the present 
invention provides a flow control device com- 
prising a main flow control device and an 
auxlliaiy flow control device which can be 
? removed from the S2ain flow control device 
without removing the latter from the well, 
for a well flow conductor having a longimdi- 
nal flow pas^c and a first lateral 
port communicating with the flow 
10 passage imetioediatc the ends thereof, 
die main flow control device induding: 
an elongate mandrel positioned in the wdl 
flow conductor and provided with an internal 
flow passage for communicating at its upper 
15 end with fte flow passage m the well flow 
conductor and with a second lateral port 
intermediate the ends of the mandrel for 
communicating ^th the exterior of the man- 
drel and said internal flow passage and with 
20 said first lateral port; seal means carried by 
the mandrel for sealmg between the well flow 
conductor and die mandrel below said lateral 
ports> said mandrel having an apertnre for 
communicating with the flow passage of the 
25 well flow conductor below the seal means; 
means carried by the mandrel pennitting 
flow m one dirccdon only into the internal 
flow passage of the mandrel through said 
second lateral port and said aperture; the 
3'3 auxiUary flow control device being rcleasably 
Eccurable to the upper end of the mandrel 
end having means extending into said inter- 
nal flow passage providing with said internal 
flow passage, when the atmliary flow control 
35 device is secured to the main flow control 
device, a first flow passage communicating 
with said second lateral port of the mandrel 
and opening upwardly into the well flow 
conductor ^ove said first lateral port and 

49 provijmg a second flow passage communica- 
ting with said apenure and opening upwardly 
into the well flow conductor. 

An objea of this hrvemian is to provide 
new and improved means for conrolcting a 
45 well for simultaneous production nom two 
or more zones (a well known as a •^multiple 
compledon^Oy while avoiding the disadvan- 
tages of conventional dual completions, suds 
as diosc described above. TTie construction 

50 of the device or tool of the present invention, 
while avoiding the disadvantages of cozrven- 
tlonal dnal oompledons, provides additional 
advantages. Among die latter may be men- 
tioned &c dimination of any possibility of 

r3 dogging of the diokes by fordgn matter, the 
eliminatioa of any posdbility erosion of 
tool parts by high-^^odty flow through die 
didces, and the improval corrosion resis- 
tance of the diedc valves used in the tooL 

60 Operation of a well according to the in- 
vention involves the use of a two-part or 
two-piece flow control device, hereinafter 
described, whidi is positioned in the well 
tubing adjacent one of ^e produdng forma- 

65. ticns fbiita from di§ formations pass as 



separate streams through lixe flow control de- 
vice and thereafter commingle in the tubing, 
and flow from the tubing at the well head as 
at single stream. The flow control device 
contains choike means v^idi, in addition to 70 
its normal production-limiting function, 
causes a fluid stream from a zone of hig^ 
pressure to undergo a sharp pressure drop 
prior to commingling with another stream. 
The resulting pressure reduction causes or 75 
facilitates the flow of fluids from one or mote 
of the zcncs of rdativdy low pressure. 

The two-piece flow control device com- 
prises: (1) an outer housmg, which is re- 
trievably locked at a predetermined location 80 
in tiic tubing (by means of a landing nipple 
provided in the tubing); and (2) an inner 
housing which is rctrievably fastened in the 
outer housmg. The outerhousing has two 
separate internal flow channds which are 95 
adapted to communicate, re^ectively, with 
the two producing zones or formations, and 
this housing mounts a check valve in each 
diannd. The inner housmg provides two 
separate internal fluid flow passages which 9C 
communicate, rcspectivdy, with the flow 
channels of tlie outer housing, and mounted 
in the upper end of this mner housing are 
two chokes one for cadi fluid flow passage. 
Fcr controlling the flow of fluid from a smgle 95 
formation or zone, the inner housmg would 
be provided widi only one fluid flow passage, 
and one choke. 

A detailed descrq)tion of the mvcnuon 
follows, taken in conjunction with the accom- 100 
pan3^g drawings, wherein: 

Fig. 1 is a sdiemanc representation of the 
device or tool of the invention in position in 
a wdl; 

Figs. 2A, 2B, 2C and 2D togcdier con- 105 
stitute Fig. 2, which is a detailed view, partiy 
in section, of the tool of the invention m its 
operative position, but dissodated from a 

... 

Fig. 3 (in two parts) is a partial view sinu- 110 
lar to Fig. 2, but showhig the inner housing 
in its unlcdted or pulling position; and 

Figs. 4A, 4B, 4C, and 4D togetiier con- 
stitute Fig. 4, whidi is a view siinilar to Fig 
2 but illustrating anotiier embodiment of the 115 
invention. . 

Referring first to Fig. 1, which is a some- 
V7hat sdiematic rqpresentation illustrating the 
invention, a wdl has a casing 10 whidi has 
been cemented in place in the usual nanner. 120 
The well traverses two production zones 
(producing formations), illustrated as an up- 
per Zone A and a lower Zone B, whidi njay 
be either gas or oil formations. The casing 
has been perforated for production from both 125 
zones, as illustrated hy perforations 11 ad- 
taccnt Zone A and perforations 12 12 ad- 
jacent Zone B. A tuKng string 13 is pori- 
tioned m die casing, and the annulus there- 
b^twQ^ is dosed off mr the boUQm of the 13Q 
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tubing by means of packer 14, which latter 
prevents conununication between the two 
zones by way of the casing-tubing annulus. 
The tubing carries a landing nipple assembly 

5 15 (to be described in detafl hereinafter) in 
which the outer assembly 16 of the flow con- 
trol device is retrievably locked, m a manner 
to be desaibed hereinafter. The landing 
nipple assembly 15 is positbned adjacent 

10 Zone A, and contains ports 17 Oocatcd above 
padcer 14, and cosmiunicating with the 
casing-tubing annulus) for receiving fluid 
from this zone. 
It should be apparent that another padar 

15 (not shown), similar to packer 14, would be 
provided above ports 17, to seal the casing- 
tubing annulus above these ports and to pre- 
vent the flow of fluid from Zone A to the 
surface by way of this annnhis. Suitable 

20 packers for these casing-tubing annulus seals 
or closures are described in detail in United 
States Patent No. 3,022, 828, dated February 
27, 1962. ^ 
The outer assembly or housing 16, which 

25 may be located and locked in nipple assembly 
15 by means of wire line equipment fonm 
an annulus 18 with the landing nipple 
assembly 15. This outer housing contams 
upper aide ports 19 for passage of fluid from 

30 Zone A, and lower side ports 20 for passage 
of fluid from Zone B. Ports 17 and 19 com- 
municate with annulus 18, and ports 20 com- 
municate widi the interior of the tubing 13. 
Upper packing means 21, positioned in an- 

j5 nulus 18 above ports 19, and lower packing 
means 22, positioned in annulus 18 between 
ports 19 and 20, prevent fluid flow along 
the annulus 18 and force the fluid from the 
upper Zone A to flow througji ports 19 into 

40 housing 16; paddng means 22 also forces 
the fluid from the lower Zone B to flow 
tfarou^ ports 20 into housing 16. 

The upper side ports 19 define one end of 
a first internal flow cfaannd whidi extends 

45 upwardly Qn outer housing 16) from such 
side ports. A resilieoi deeve-type chedc valve 
23 (illustrated schematically in Fig. 1, but to 
be described more completely in connecdon 
with Fig. 2) is positional in this flow dian- 

50 nd, to prevent backflow of fluid toward the 
upper Zone A. The lower side ports 20 de- 
fine one end of a second internal flow chan- 
nel whidi extends iq>wardly (in housing 16) 
from such side ports. A resilient sleeve-type 

55 dicck valve 24 is positioned m this second 
flow channel, to prevent backflow of fluid 
toward the lower Zone B. 

The lower aid of outer housing 16 has 
therein an equalizing valve member 25 which 

60 is normally in a posidon such as to seal the 
lower end of this housing. The lower end of 
tubing 13, bdow pa<to 14, is open or is 
ported, as indicated by dotted lines 27 m Fig. 
1, so diat fluid from Zone B can flow through 

65 casing perf ocadons 12 and into the interior of 



tubing 13, as indicated by the arrows 26, and 
thence can flow upwardly in the tubing and 
thrcugh housing ports 20 and past check 
valve 24 into the interior of housing 16. The 
series of arrows 26 thus indicates the lower 70 
zone flow path. 

A so-called "blast joint" 28, providing a 
special abrasion-resistant surface, couples the 
lower end of nipple assembly 15 to the ad- 
jacent section of tubing 13, in a region hori- 75 
zontally aligned with caang perforations 11. 
A flow coupHng 29 couples the upper end of 
nipple assembly 15 to the adjacent section of 
tubing 13. Thus, it may be seen that the 
landing nipple assembly 15 in effea serves go 
as a spedal secnon of tubing insened in the 
tubing string. Fluid from Zone A flows 
through casing perforations 11 and into the 
casing-tubing annulus, as indicated by the 
arrows 30, and thence upwardly in this an- 85 
nulus and tfarou^ tubing ports 17 and hous- 
ing ports 19 and past check valve 23 into 
the mterior of housing 16. The series of 
arrows 30 thus indicates die upper zone flow 
path. 9Q 

Summarizing the description thus far, with 
the outer housmg 16 run and locked in place 
in nipple assembly 15, production from each 
zone can separately enter the housmg, but 
communication beuveen zones is prevented 95 
by the resilient check valves 23 and 24. 

An inner housing 31, which may be termed 
an orifice head assembly, is retnevably fas- 
tened in position in the outer housing 16, in 
a manner to be ful^ described heimafter. 100 
The inner housmg is run separately from 
outer housing 16, by means of wire line 
equipment, and seats in the running neck of 
the outer housing; this will become dearer as 
the description proceeds. The inner hotising 105 
31 forms on annulus 32 widi the outer hous- 
ing or assembly 16. Upper packing means 
33, carried by housing 31, schematically seals 
annulus 32 above housing ports 19, while 
lower padcing means 34, also carried by no 
housing 31, seals annulus 32 below ports 19. 
The inner housing or orifice head assembly 
31 has two separate internal fluid flow pas- 
eageS) each of wiiicfa terminates in a respec- 
thrc choke bean mounted at the upper end 115 
of this assembly. 

More specifically, one fluid flow passage 
(denoted geneiali^ by numeral 35) opens 
into or communicates with die interior of 
outer houang 16 bdow die lower packing 120 
means 34, as indicated by dotted lines 36. 
Passage 35 extends upwaidfy throu^ hous- 
ing 31 and terminates in a choke means 
(caiblde-faced dioke bean) 37 at die upper 
end of housing 31. Passage 35 thus fonns a 123 
continuation of the lower Zone B flow path 
26, and the production rate ^m the lower 
Zone B is controlled by dioke 37. 

The other of the two fluid flow passages 
(in inner housing 31) previously refctred to 130 
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communicates vnxh the anmilus 32, as 
schematically niustrated at 38, encnds up- 
wardly Aiough housing 31 (separately from 
passage 35), and terminates m a choke means 
5 (carbide-faced choke bean) 39 at the upper 
end of housing 31- Chokes 37 and 39 are 
parallel to each other, and they are both 
located at and mounted m the top of housmg 
31. It may be seen that fluid from the upper 
10 Zone A flows past che<i valve 23 into the 
annulus 32. The last-mentioned flow passage 
forms a continuation of the upper Zone A 
flow path 30, and the production rate from 
the upper Zone A is controlled by choke 39. 
15 It may be seen, from the foregoing, that 
separation of the production from the two 
Zones A and B is maintained prior to the 
chokes 37 and 39, so that the initial pomt 
of commingling of the two streams is just 
20 downstream from the choke beans 37 and 39, 
i.e. just above these two beans. Above or 
downstream from the choke beans, the two 
fluid streams commingle, and commingled 
flow to the surface takts place upwardly 
25 dm>u^ the tubing string 13. , 

The pressure at the pwnt of commmglmg 
(just downstream from the choke beans 37 
and 39), which is a function of gas-hquid 
ratio, production rate, and tubing size, need 
30 be only that required to lift the combmcd 
(commingled) fluids to the surface. That is 
to say, energy is rdeased at this point of 



commfaigjing. It is therefore posable, in 
many wells, for tiie weaker (prcssurc-wisc) 
35 zone to enter the tubing, even tiiough its 
reservdr pressure may be considerably lower 
than tibe other. 

In order to determinie how mudi eadi 2onc 
contributes to the amibined or oommingfed 
40 flow stream, a sqsarate test of one zone can 
first be mad^ by blanking off production 
ham the other with a plugged choke bean. 
This detcRiunes the production rate from 
said one zone. A test may tiicn be made with 
45 both zones (sands) produdng, the increase in 
production being credited to the Tone not 
tested separately. In order to change dxkts 
to make such tests, or to change production 
chokes should tiiis become necessary, afl tiiat 
50 is required, witii the tool of this mvention, is 
to pull the inner housing (orifice head 
assembly) 31, by means of wire line equi^ 
ment, while leaving the outer housing 16 m 
place. This is a very simple wire-line opera- 
55 tion, a routine operation in the hands of an 
espedenced wire-line operator, and thus one 
which requires a mfnimtnu amount of time. 
When the inner housing 31 is pulled in this 
manner, the outer hcusmg 16 remains in die 
60 well, separation between tiie zones tiien being 
maintained by means of died: vah^es 23 and 
24, and padcers 21, 22, and 14. 

It is pointed out that botii of the chokes 
37 and 39 are in the same single asseniUy 
S5 (to mtj housing 31), It is often desirable to 



change the chokes controllmg cadi of the two 
zones, and to do so at the same time. Utiliz- 
ing the construction of this invention, this 
can be accomplished in one operation, by 
pulling the housing 31 from the wdl. 70 

It is also pointed out that when the outer 
housing 16 is left in the well m this manner, 
while pulling the inner housing 31, nothing 
that contacts the tubing is moved or dis- 
turbed, which means that there can be no 75 
possible damage to the tubing. This feature 
is quite important, particularly when plastic* 
coated tubmg is employed in the well. 

When the two chokes arc moimied parallel 
to each other and at the top of the tool, as 80 
described, the flow from the chokes is ver- 
tically upward and is unobstructed, and there 
are no metal surfaces exposed to the flow 
from the chokes (and tiierdore, there are no 
such sxirfaces subject to rapid erosion, with 85 
consequent failure of the tool). 

Fig. 2 is a detaQed view, partly in section, 
of the tool of the present invention, both the 
outer and inner housmgs being illustrated in 
their operative positions, but the casing and 90 
well being omitted for simplidty. The con- 
formity of Figs, 1 and 2 will become ap- 
parent as the description proceeds. 

The dongated outer housing 16 carries at 
its top a running nedt 40 in whidi the inner <>5 
housixig or orifice head assembly 31 seats. 
This running nedc is intend with or fixedly 
secured to 4e outer housmg 16, tiiis Iwusing 
also having a pulling neck 41 which is slid- 
able thereon. Latdiing or locking means, com- 100 
prismg a plurality of spaced dogs 42 which 
are pivotally atrached to pulling neck 41, arc 
provided for securing the outer housmg 16 
m place in the upper or landing nipple por- 
tion 15a of a three-part landing nipple 103 
assembly 15, which latter may be, for ex- 
ample, an "Otis Type S Side-Door Choke 
Landing Nipple Assembly*'. The landing 
nipple assembly 15 comprises the landing 
nipple portion 15a, previously referred to, 110 
a poned collar 15b tiireadcdly secured at its 
upper end to the lower end of portion 15a, 
and a polish nipple 15c tiircadedly secured 
at its upper end to the lower end of collar 
15b. The portion 15c is provided with 115 
tiireads at its lower end, for couplin g to lower 
tubing sections (not shown) of conventional 
construction, whfle portion 15a is threadedly 
connected at its upper end to a conventional 
mbing collar 43, and by meuis of this latter 120 
collar to upper tubing scctirais Jnot shorn) 
of conventional constnicdon. The landing 
nipple assembly 15 is located in the tubing 
string as to be adjacent to Zone A (sec Hg. 

1). ^ 

The dogs 42 are pivotally suspended from 
pulling neck 41, by means of an inwardly- 
OEtendmg cylindrical boss at the lower end 
of nedc 41 which fits faiio a matdifag recess 
provided at the tq?per end of cadi of tte dog? 130 
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42. The inner surfaces of these dogs are posi- 
tumcd against a bevded or tapered pordon 
of the body of housing 16, as indicated at 
44, this tapered portion increasing in 

5 diameter toward its lower end. The dogs 42 
move vertically with neck 41, so that the in- 
ner surfaces of the dogs are slidable on the 
tapered surface 44; therefore, downward 
movement of the dogs relative to the tiered 

10 surface 44 causes the dogs to move out- 
wardly. Doss 42 are adapted to enter a 
cylmdiical recess 45 of limited length pro- 
vided in the landing nipple 15a. The latdi- 
ing or locking means here described is quite 

15 similar to that disclosed in Miller U.S. Patent 
No. 2,673,614, dated March 30, 1954. 

Below dogs 42, the outer housing 16 carries 
a set of spring-loaded keys 46 whidi are 
mounted around the housing. These keys re- 

20 semble an oitiinary door key and are "pro- 
filed" to match widi an idendcally-shaped 
locatbg recess 47 machined widiin the bore 
of the landing nipple portion 15a. 
Before proceedmg to a description of the 

25 flow controlling ponions of the tool, the 
operatioa of the landing and locking means 
for tiie outer assembly or hou^, wludi 
means has just been described) will first be 
cxplamcd. This landing and loddng means 

30 omqaiscs means for retrievably locking the 
outer housing at a piedctcnnined location in 
the tubmg. When the outer housing 16 is 
ready to be inserted Into die weU, the same 
IS Icwcr^ into wcU tubing 13 (see Fig. I) on 

35 a wire lin^ by means of a suitable running 
tool which attaches to running nedc 40. This 
runnhig tool may be of a type known m the 
art The running tool (not shown) grips die 
housing 16 in such a way that runnmg neck 

40 40 and pulling neck 41 arc held together. In 
other words, the upper part of the pulling 
neA 41 is held hi^er than shown on the 
runxung neck 40 by the running tool, as the 
housing is lowered. This means that the dogs 

45 42 will ride higher on the tapered pordon 44 
than shown in Fig. 2. 

Tlie housing with keys 46 will pass down- 
wardly until it reaches landing nipple por- 
tion 15a, has a recess 47 sudj as to 

50 match keys 46. When the outer bousing 16 
reaches this landing nipple pordon, the 
spring-loaded keys 46 "select" the matdiing 
recess 47, and naove outwardly into this 
idmti cany-Bh aped recess. This prevents fur- 

35 tjier lowmng of the outer housing. The wire 
line is then manipulated in such a way that 
the "jars", which are run just above die run- 
ning tool, impart a downward hammer ac- 
tion to the housing. This shears a pin widiin 

60 the running tool and frees the ptdiing neck 
41 for movement downwardly, allowmg the 
dogs 42 to fall frcdy and move down die 
tapered pordon 44, into the loddng position 
shewn in Fig. 2. Upward jaring then (bives 

65 the tapered portion 44 iipwaidly, sliding diis 



portion upwardly against the dogs 42 and 
fordng them into loddng position in recess 
45, as shown m Fig. 2. This lodes the outer 
hojmiig 16 fast in landing nipple portion 15a. 
Additional parring tywardly then releases 70 
die running tool, whidi is vrididrawn from 
die well on the wire line. 

The cuter housing 16 ordinarily remains 
m position in die well at all times, and does 
not ordinarily need to be removed diercfrom. 75 
However, when removal thereof is necessary 
(for example^ in order to repaur or re|^ce 
the check valves), the outer housing may be 
pulled from the well by means of a pulling 
tool known in the art. go 

The landmg, or locating, and locking 
mechanism just described is entirely conven- 
tional, so further description thereof does not 
appear to be necessary. For further details 
of such mecham"sm, reference may be had to 85 
the Miller patent, previously mentioned. 

The running neck 40 is hollow, as is the 
outer housing 16, so that a continuous bore 
mends from end to end (longitudinally) of 
this outer housing. This bore is open at its SK> 
upper or running neck end, but is dosed at 
Its lower end by means of a plug or equaliz- 
ing wive member 25 which carries a seahng 
O— ring 48 in a groove b its outer surface; 
O— ring 48 makes sealing contact with the 95 
jmicr cylindrical wall of housing 16. Member 
25 is wdinarily maintained in position at the 
lower end of housing 16, by means of a shear 
pin 49 which extends through the wall of 
housing 16 into member 25. The normal 100 
position of member 25 (as maintained by 
shear pm 49) is such that ring 48 is 
located above a plurality of radially-extend- 
mg prnis 50 which extend through the side 
wall of housing 16. When it is desired to ifu; 
witiidraw outer housing 16 from the well, 
a jar" and pulling tool are lowered into the 
tubing by means of a wire line, and manipu- 
lated to drive member 25 downwardly so as 
to shear die pin 49. When pm 49 is so ha 
sheared, member 25 moves downwardly 
widim die housing 16 a distance such diat 
O-nng 48 moves below ports 50, theiel^ 
qpcnmg communication (by way of ports 50) 
between the lower end of housing 16 and the 115 
surroundmg flmU This causes an equalization 
of pressures between the mterior and exterior 
cf housing 16, so that housing 16 can readily 
move upwardly in die well, once this housing 
is unlocked from the landing nip^ portion. 120 

In a repon of outer housing 16 above 
naember 25, a plurality of narrow elongated 
slots 20 (dongated in the drcumferwitial 
direcuon of die housmg) are cut through the 
outer waU of diis housing. These slots are 125 
made narrow (in die vertical direction) to 
serves as screened side ports in the wall of 
the cuter housing; the widdi (vertical) dimen- 
sicn cf these slots will be further referred to 
herdnafter. 
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Fluid from the lower Zone B (Fig. 1), 
which enters the casing by way of perfora- 
tions 12 and which flows upwardly through 
tubing 13 from the lower open end thereof or 
5 fxom ports provided in the tubing can flow 
aicund tlie outside cf outer housing 16 (pt 
the lower end of this housing) and can flow 
into the mtctior of ibk housing by way of 
the housmg side ports 20. A sq>arate internal 
10 flow diannel extends upwardly horn the side 
pons 20. This flow dsannd indndes an an- 
nular channel 51 in outer housing 16 and a 
plurality of inclined bores 52, which latter 
conununicate at their lower ends with the 
15 upper end of diannel 51 and at dicir upper 
ends with the interior of housing 16. 

A resilient sleeve-type check valve mem- 
ber 24 is posidoned in annular channd 51> 
to prevent bad:-fiow of fluid through side 
20 ports 20. Aay downward flow of fluid in 
chaiind 51 causes the upper edge of valve 
24 to move outwardly a^nst the radially- 
outer side of this channel, thereby covering 
or sealing off ports 20 from radially-outward 
25 flow. The chcd: wive shoidd be construrted 
of a touglh material, such as ^'Neoprene" 
(Registered Trade Mark), 'Urethane", 
"Teflon*' (Registered Trade Mari^), etc. 
\^idi is unaffeaed by wdl fluids and vfbich 
30 has suffidcnt flexibility for movement of the 
upper edge therof outwardly against the 
outer side of diannd 51. Sudi material is 
highly resistant to ^rasion by sand or other 
materials whidi mav be present in the well 
35 fluids^ and is also ni^ly resistant to corro- 
sion fay conclave liquids whidi may be 
present in sudi fluids. It Is pointed out that 
xesilient diedc valves of this have been 
proven m service to have a long life^ in faa 
40 veiy bng os compared to other types of check 
valves, such as metal ball-chedc valves. 

Above bwes 52, the outer housing 16 car- 
ries a paddng member 22 vdiidi engages the 
inner c^dncal wall of polish nipple 15c, to 
45 seal off the anntdus between the landmg 
nipple assembly 15 and the outer housing 16. 

Above packing member 22 the ported 
cellar 15b is provided widi a plimiGty of 
mdially-estendmg ports 17 widch pro^de 
50 communication between the casing-tubing 
annulus (see Fig- 1) and the nii^ assembly- 
outer housing annulus 18. Fluid from the 
upper Zime A, which flows into the casing- 
tubing aimulus by way of perforations 11 
55 (Fig. 1), flows through ports 17 into annulus 
18. In the vicinity of ports 17, a phirality of 
narrow ekmgated slots 19 (dongated in the 
circumferential direcdon of the housing) axe 
cut dirough the cuter wall of outer housing 
eO 16. These slots arc made narrow Hn die vcr- 
. tical direction) to serve as screened side ports 
in the wall of die outer housmg; the widds 
(verdca^ dimension of diese slots will be fur- 
ther lef exxed to hcTetnafter. 
65 A separate int^ral flow diannd extends 



upwardly from the side ports 19. This flow 
channd indudes an annular diannd 53 in 
outer housing 16 and a plurality of inclined 
bores 54, which latter comnmnicate at their 
lower ends with die upper end of channd 70 
53 and at dicir upper ends with the interior 
of outer housing 16* in the region of an- 
nulus 32. 

A resilient sleeve-type check valve member 
23, exactly similar in construcdon and 75 
material to valve member 24, is poduoned in 
annular diannel 53, to prevent backflow of 
fluid through side ports 19. 

It may be seen that valve members 23 and 
24 are both carried by outer housing 16, and ^ 
are thus both maintained in posidon even 
when inner housing (orifice head assembly) 
31 is pulled or removed from the wdl, the 
outer housing 16 remaining in the wdl at 
this time. Therefore, scparadon between the 85 
two producing zones is maintained at all 
times, even when the chokes are bdng le- 
placed for test or repair purposes. 

Above ports 19, the outer housing 16 
carries a packing member 21 which engages 90 
'^e inner cylindrical wall of landing nipple 
pordon 15a, to seal off the annuhis between 
the landing nipple assembly 15 and the outer 
housing 16. 

llie inner housing or orifice head assembly 95 
31 is a member separate from outer housing 
16, and is retrievablv fastened In posidon in 
sudi outer housing m a manner to be fully 
described hereinafter. Housing or assembly 
31 contpxises an upper siibstanually cylindn- 100 
cal main body ponion 55 to which is secured, 
as by means of wddment 56, a prong<4ike 
aadal downwardly-extending tubular mem- 
ber 57. The interior of tubular member 57 
provides the fluid flow passage 35, wliich was 105 
previously referred to in connection with Fig. 
1. When inner housing (orifice head 
assembly) 31 is in posidon in outer housing 
16, tube 57 extends downwardly within outer 
housing 16, this tube being smaller in outside 110 
diameter than the inside diameter of housing 
16, thereby to leave an annular space 32 
between this tube (portion of iimer housing 
31) and outer housing 16. Tube 57 extends 
down to a point bdow the ports 54, and the 1^5 
lower end of this tube, belcw the pons 54 
in housmg 16, is enlarged somewhat in 
diameter and carries a pair of O-nngs 34, 
to provide a seal between the outer surface 
of this tube and the inner wall of housing 120 
16. 0-iings 34 comprise a packmg means 
which delimits die lower end of annuhis 32, 
and seals annulus 32 bdow pons 19 and 54. 

The extreme lower tip of tube 57 is 
tapered, or made somewhat Irusto-conical in 125 
configuration, to fadlitate or ensure the 
entxy cf the lower end of this tube into the 
tipper end of running nedc 40 of outer hous- 
ing 16, when the mner housing 31 is bdng 
run into the outer housmg 16. At its tip, 130 



tube 57 is provided with a {rfurality of in- 
clined bores 58, which communicate at their 
lower ends with the interior of housmg 16 
below padung means 34 and at their upper 
5 ends with the interior of tulie 57, i.e. with 
the fluid flow passage 35. It should therefore 
be apparent that the internal fluid flow pas- 
sage 35 (interior of tube 57) conununicates 
(by way of bores 58) with ihc outer housing 
10 flow channel 51, 52. Fluid from the lower 
Zone B thus flows into tube 57 by way of 
side ports 20, channel 51 (past vah?e 24), 
bores 52> the interior of outer housing 16» 
and bores 58. This fluid flows upwardly in- 
15 side tube 57 (passage 35). 

At weldment 56, an oifset channel 59 is 
coupled to the upper end of tube 57, chan- 
nel 59 leading upwardly through the body 
55 of the inner housing (orifice head 
2J assembly) to the lower end of a replaceable 
choke 37 having a caibide-faced throat 60. 
Choke 37, through which all die fluid from 
the lower zone thus passes, controls the rate 
of flow of this fluid. Choke 37, whose throat 
25 or passage 60 extends longitudinally of body 
55, is held in position at the upper end of 
inner bnising 31 by means of a tiueaded nut 
61 J which has an axial opening therethrough 
and which threads into a tapped aperture at 
33 the npper end of housing 31. 

In the body pordon 55 of inner housing 
31} there is provided a short sleeve 62 which 
surrounds but is space from tube 57. This 
sleeve carries a pair of O-fings 33, to pro- 
35 vide a seal benveen the outer surface of the 
sleeve and the inner wall of the running nedk 
40 of outer housing 16. In effect, then, the 
orifice head assembly 31 seats in the running 
neck 40 of the outer housing 16. The annu- 
40 lax space provided between tube 57 and 
sleeve 62 commtmicates at one end with an- 
nulus 32 (of outer housing 16), and at its 
opposite end with an annular chamber 63 
(provided by the body of inner housing 31) 
45 which surrounds channel 59. 

To the upper end of diamber 63, a chan- 
nel 64 is coupled, channel 64 leading up- 
wardly through the body 55 of the nmer 
housing (orifice head assembty) to the lower 
50 end a rejJaccable dM&c 39 having a car- 
bide-faced throat 65. Choke 39, whose throat 
or {Kissage 65 extends longitudinally of body 
55, is hdd in position at tiie tipper end of 
inner housing 31 (and parallel to chdce 37) 
55 by m»ms of a tiireaded nirt 66, whidi has 
an axial opening theredirough and which 
threads mto a tapped apennre at the tipper 
end of honsmg 31. 
Fluid from the upper Zone A flows into 
60 cbamid 64 by way of ports 17, annulus 18, 
side ports 19, channel 53 (past valve 23), 
bores 54, annulus 32 (in ^di it flows up- 
wardly)» the annular ^ce within sleeve 62, 
and annular chamber 63. Choke 39, dirou^ 
tZ vMdb all of the fluid from the upper zone 



passes, control the rate of flow of this fluid. 

The fluids from the two Zones A and B 
are mixed or commingled above (i.e., down- 
stream of) the two chokes 37 and 39 (see 
Kg. 1). This process may be termed sub- 70 
surface commingling. 

It has previously been stated that the 
chokes 37 and 39 are caibide-faced; thus, 
tliey are made of an esuemely hard material 
and have long life. Moreover, they are of 75 
standard size, so that predetetmincd pro- 
ducing rates for the zones can be set. 

The width 0.e., the vertical dunension) of 
the entrance slots 20 is less than the diameter 
of choke passage 60 in the lower zone diokc 80 
37. Likewise, the width (i,e., die vertical 
dimension) of the entrance slots 19 is less 
than the diameter of dioke passage 65 m the 
upper zone choke 39. This feature provides 
a screening effect for the inlet ports of the 55 
tooL Particles large enough to stop up or 
clog the chokes are prevented from entering 
the tool and then finding their way to the 
chokes, due to the smal size of the entrance 
slots at the inlet ports. 9;) 

It has been stated previously that the in- 
ner housing 31 (orifice head assembly) is a 
separate member, which is retrievably 
fastened in position in the outer housing 16. 
The orifice head assembly 31 is run and 95 
pulled independently of die outer housing 
16. The structure for retrievably fastening 
assembly 31 in position will now be des- 
cribed. 

The running neck 40 of outer housing 16 100 
has a diameter greater than does the main 
body of this housing, and at the juncdon be- 
tween this neck and the housing main body 
there is provided a beveled (frusto-conical) 
suiface 67 which e^itends outwardly and up- 105 
wardly with respect to die housing body. A 
plurality of elongated fingers 68, together 
forming a collet 69, are mounted at their 
upper ends in a circumferential recess 70 
near the upper end of the body portion 55 110 
of the orifice head assembly 31. Thus, the 
fingers 68 are rather rigidly fastened to body 
portion 55 of assembly 31. At tiieir lower 
ends, fingers 68 have inwardly and down- 
wardly-extending tapered surfaces 71 (com- 115 
plementarjr to the surface 67) whidi, in the 
lodced position illustrated in Fig. 2, fit under 
the surface 67 of the running nei 40, to lock 
the inner housing 31 m position in the outer 
housing 16, i.e., to fasten inner housing 31 120 
in position and prevent upward movement 
of the latter in outer housing 16. It will be 
remembered that fingers 68 are rigidly 
secured to the inner housing body 55. 

Qmkes 37 and 39, and retaining or motmt- 125 
ing nuts 61 and 66, arc positioned in the 
running neck or orifice head 31, wiiich is 
integral with or fixedly secured to tihe mam 
body 55 of housmg 31. 

The orifice head assembly 31 carries a 130 
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puning neck 72 which is slidablc on the main 
body 55 of this assembly, so that it is slid- 
able with respect to the fingers 68, secured 
to sudi body. Integral with the pulling neck 

5 72 is a loddng sleeve 73 which surrounds 
the fingers 68 and> when driven down to the 
position illtistrated in Fig. 2 prevents out- 
yrard movement of the lower ends of these 
fingers, and mainuins the finger surfooes 71 

10 lodced under the surface 67 of running ntxk 
40. That is to say, sleeve 73 serves as a 
lockmg means for the collet 69. 

When the locking sleeve 73 is in the "up" 
or "nmning'* or "pulling" or "unfastened" 

15 or "unlodcwi'* position illustrated in Fig. 3, 
that is, v^ien this sleeve is riding on the up- 
per taper of the collet fingers, the lower ends 
of the collet fingers (Le., surfaces 71) are 
free to move outwardly from under the 

20 running ncdc beveled surface 67, xhns per- 
mitting verdcal movement of inner housing 
31 with respect to the outer housing 16. 

The orifice head assembly 31 is run and 
pulled independently of the outer housing 16. 

25 As previoudy described, the tube 57 is adap- 
ted to fit into the bore of the outer housing 
16, and when the tube is in its ultimate or 
operating position, the O-iings 34 provide 
a seal between the outer surface of tlus tube 

30 and die inner wall of housing 16, below the 
outer housmg ports 54. Also, in the ultimate 
position of assembly 31, deeve 62 of diis 
assembly seats in the outer housing tunning 
neck 40. 

35 When going into the hole whh the orifice 
head assemblv 31 (assuming that the outer 
honsing 16 has previously been locked in 
posidon in the hole), the loddng sleeve 73 
is held m the 'Sip" posidon (i.e., in the posi- 

40 tion iUustiated in Fig. 3, with this sleeve 
riding on the upper taper of die fingers 68 
vMch comprise collet 69) by the running 
tool (not shown), whidi is used on a wire 
line. Wisa the runmng neck 40 of the outer 

45 honsing 16 is reached by the collet fingers 
68, fingers spring out and pass ovn* tins 
r unning neck. There b enough flexibility in 
these fingers (which are rigidly secinred only 
at their upper ends to the inner housing body 

50 portion 55, as previously described) to allow 
passing over running neck 40. Sl^ve 73 is 
at this time in a posidon such as to allow 
this outward movement of tiie lower and of 
finger 68. 

55 When the collet fingers have passed below 
the beveled surface 67 at the lower end of 
neck 40, the fingers retract (i.a, move in- 
wardly) and fit under diis neck. By suitable 
manipulation of the wire line equipment, the 

60 locking sleeve 73 is then driven downwcurdly, 
to the position illustfated m ]Rg. 2, to fasten 
or lock the o^ce head assembly in position 
in outer honsing 16. In the Fig. 2 posidim, 
the lower end of sleeve 73 dos^ surrounds 

65 the lower ends of fingers 68 and causes sur- 



faces 71 thereof to engage beveled surface 
67 of running neck 40. 

In the locked or operative posidon illus- 
trated m Fig. 2, the O— rings 34 of the 
orifice head assembly 31 arc in scaling posi- 70 
tion, and the 0-rings 33 of this asseinbly 
are also in sealing position, as described 
hereinabove. Then, flow from the two zones 
or producing formations takes place inde- 
pendendy in die manner previously des- 75 
cribed, with commingling of the two streams 
downstream of or above die producdon zone 
chokes 37 and 39. 

Once the running and locking procedure 
for the orifice head assembly 31 has been 80 
completed in the maimer just described, die 
collet lock 69 can be released only by run- 
ning a pulling tool (on a wire line) and jarr- 
ing up on the pulling neck 72 of the orifice 
head assembly (which moves sleeve 73 up- 85 
wardly). When this is done, the orifice head 
assembly 31 can be pulled out of the outer 
housing 16, which latter remains in posidon 
in the hole. Thus, the check valves 23 and 
24 (which are secured to outer housing 16, 90 
as previously described) remain in posidon 
unoer these circumstances, maintaining 
separation between the two producing zones 
at all times (it will be understood diat 
packers 21, 22, and 14, which also remain 93 
m position, contribute to this result). 

As previously mentioned, a s^arate test 
of one zone can be made vi^enever desired, 
by blankuxg off producdon from the other 
with a plugged choke bean. It will be xe- 100 
membered that this, with another production 
test^ enables the operator to determine how 
much each of the two zones contributes to 
the total flow stream. This test procedure re- 
quires two round trips with the orifice head 105 
assembly 31. However, the collet lock on die 
orifice head, the design of the lower end of 
orifice tube 57, and the design of the run- 
nmg tool, which acts as a cerolizer, combine 
to make diis a very simple wire-line opera- 110 
tion. 

Recapitulating, the tix>l of this invention 
offers die major advantages now to be pre- 
saited. It conserves energy, by allowing the 
surplus energy from one zone to lift fluid 115 
from a weaker zone to the surface; it opens 
the way for simple, relatively inexpensive 
concentric duals that can be pxtxiuced to de- 
pletion without the disadvantages of casii^- 
tubing armulus flow; it increases the daUy 120 
production rate (where one zone is deficient); 
it increases the total recovery; and, it reduces 
cost. 

The multiple completion tool of diis in- 
vention fwhidi may be thou^t of as a dual 125 
flow chokp, smce production £rom two pro- 
ducing zones or formations takes place 
throuih respective chokes, prior to com- 
tnmg ttn g^ can bt modified for use in sin^Je 
zone completiottSj ^t is, in wells producmg 130 
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from a single zone. In such a cas^ it would 
be used as a scxalled bottomhole dioke, 
witfi a single carbide bean (choke bean) con- 
tamed in tbc orifice head assembly. In many 

5 wells, this would enable elimination of the 
conventional surface gas heater, and pit>- 
ducrion gains could be made. 

Rderence should now be had to Fig. 4, 
wuch IS a view similar to Fig. 2 but illus- 

10 mating Ae modified construction. In this 
nguxe^ elements tlie same as those of Fig. 
2 are denoted by the same reference 
munerals. la Fig. 4, the landing nipple 
Assembly inchjdes only the landing nmple 

15 pofdon 15a, the ported collar 15b and the 
poHdi m'pple 15c of Fig. 2 being omitted. 
In Fig. 4, the landing mpple portion 15a 
IS made somewhat longer than in Fig. 2, and 
bdow tile «kCT" recess 47 it is provided with 

2(1 a polidied qiindrical wall, to enable a seal 
to be made by the paddng means 22 which 
IS carried by the outer housing 16. He lower 
end of landing nipple pordcm 15a is pro- 
vided with male Arcads 74 which enable the 

25 lower end of this nipple portion to be conpkd 
to the adjacent section of the tubing (not 
shown). Packing means 22 seals the annuhis 
18 above threads 74, and prevents the flow 
of fluid upwardly through such annulus. 

30 The equalizing valve 25 of Fig. 2 is not 
ntmzcd in Fig. 4, so that in Fig. 4 the lower 
end of die outer housing 16 opens direcdy 
mto the interior of the tubing string. There- 
fore, fluid from the producing foxmatian or 

35 zone (which first flows througji casing pei^ 
foiations hito the casing-tubmg amrahis 
^d thence into the tubmg by way of pons 
therem or through the lower open end there- 
as previously described in connection with 

40 Figp. 1 and 2) flows fro mthe mterior of the 
mbing vertically upward mto the lower end of 
me outer housmg 16 of the tool, and thence 
jettfcaliy tq>ward in such housings duxmgh 
me tonghudinal bore therein. Packing means 

45 22 prevents die well fluid from b^mssing the 
desired flow padi provided thnragh the bore 
of outer housmg 16. 

j^^fa g ^ locking means for the 
outer assembly or housing 16 is quite simi- 

50 lar to flat dracribed in connection with Fig. 
^and operates in an exactly similar manner! 
The aforesaid means is opooted to rctricv- 
auy io(± the outer housmg 16 at a prede- 
tcrmmrd location in the tubiog. 

5^ Kg. 4, a construcrion somei^t dif- 

xeroit fown that of Fig. 2 b used for the 
orifice head assembly. In Fig. 4, die inner 
housfalg or orifice head assembly 31» is again 

*A ® sq)arate from outer housmg 161, 

60 and is retrievaHy fastened in position in sodi 
outer housing. The substmuially cylindrical 
mam body portion 55» of orifice head as- 
sembly 31* is thickened and the pnmg-like 
extension 57 (of Hg. 2) Is amitted. 

€5 TTie lower end of body portion 55* seats in 



the running nedt 40 of the outer housing 16, 
and this body portion of the assembly 31* 
carri^ a pair of 0-rings 33, to provide a 
seal between the outer surface of this body 
and The inner wall of the running neck 40 of 70 
outer housing 16, 

The body poidon 55^ of orifice head 
assembly 31» terminates a short distance be- 
low die 0-rings 33, in a plane substantially 
m dignment with the lower end of running 75 
n^ 40, i.e., subsnmtially in alignment 
widi the junction of diis running neck and 
the lower portion of housing 16. The body 
portion 55* of assembly 3V is provided witfi 
a central (axial) longitudinal bore 35 whidi 80 
commumcatcs at its lower end with the longi- 
tudinal bore of outer housing 16. Bore 35 
provides a fluid flow passage through the 
boiy 55* of the orifice head assembly. Fluid 
from the angle producing zone, which flows 85 
vertically upward throu^ the longitudinal 
bore m outer housing 1^ flows upwardly m 
bore or passage 35. Bore 35 extends through- 
out the entire length of body portion 5P and 
the upper end of diis bore opens mto the 90 
lower end of a sleeve member 75 which is 
threadcdly secured to the upper end of body 
55*. At the upper end of sleeve 75, there is 
mounted a rqilaceable dioke 37 laving a 
caibide-faccd diroat 60. Choke 37, throu^ 95 
whidi all of the fluid from the producing 
zone passes^ controls the rate of flow of this 
fl"^d. Choke 37, whose throat or passage 60 
otends axiaily of sleeve 75 is held in posi- 
tion at the upper end sleeve 75 by means 100 
of a dreaded nut 61, just as in Fig. 2. 

The structure for retrievably fasienmg die 
orifice head assembly 31' in porition in the 
outer housing 16, ie., seated in running neck 
40 of sudi outer housings is cxacdy the same 105 
as has OTcviously been described in connec- 
tion witii Fig. 2, and inchictes the collet 69, 
the loddng sleeve 73, etc. Such description 
will not be repeated here. 

The bottom-hole choke of Fig. 4 has several 110 
advantages, as compared to other chokes of 
this general category. One of these is the ease 
of changing the choke means or bean 37. More 
particularly, running and puDmg the orifice 
head assembly 31' of this invention is faster, 115 
more cmain, and much snnpler ^an running 
and pulling the chokebean-cartymg mandrels 
previously used as bottom-hole diokes. To 
change the diokc in prior devices, h is neces- 
sary to puD the entire tool; with the tool of 120 
this invention, only the orifice head 31* is 
polled and reset, the outer housing 16 re- 
maining in position in the hole. The am- 
struction of the present invention also substan- 
tially eliminates damage to plastic^oated 125 
tubing, since nothing which contacts the tub- 
ing need be pulled in order to cbange the 
choike. 

Another advant^e of the bottom-hole 
choke of tills invention is its longer life. Since 130 
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a nnich smaller choke bean is used, there can 
be ecOTomically iiscd (at 37) an extremely 
hard bean, which resists abrasion much better 
than die larger, softer beans used in conven- 
tional devices. 

Yet another advantagp is that running a 
conventional bottom-hok dioke through 
creates a problem of liquid bypass, whidi 
problem is not i«esent in Ae Fig. 4 devia. 

TTic outer housing 16 in Fig. 4 (f m Fi|. 
2) has been stated to be a so-caBed * Ons 
Type S"- BfowBver, it can be an "Ons 1]ype 
P' mandrel ot an "Otis Type B" mandrd. 
The orifice head assembly 3P can be run and 
iocfked in all of these mandrds. 



WHAT WE CLAIM IS :— 
1. A well-flow control device adapted to be 
positioned in wdl tubing for controllmg the 
flow of a fluid into the tubing from a pro- 
20 dudng formation, compriang an outer hous- 
ing having an opening for communication 
witli tiie interior of aid tabing means car- 
ried by the housing for retrievaWy locking 
the same at a predetermined location m the 
25 tubing, packmg means for dosing the annular 
space between the housing and tuWng above 
said opening, said housing having an intenial 
flow channd extending upwardly frmn its 
opening; an mner housing having an internal 
30 fluid flow passage foe communication with 
said flow diannd and with the interior of 
said tuWng above saM paddng means; means 
carried by the inner houang for retrfevaldy 
f astenmg the same in position in said outer 
35 housmg, but dlowing the withdrawal of the 
inner hoosh^ without the device £rom tthe 
wdL 

2. A device according to Claim 1 wherein 
the inner housing provides didoe means 

40 located in the fluid flow passage. ^ 

3. A device according to Claim 2, whercm 
the choke means is positioned at the top cS 
the inner housing, with the passage of the 
dioke means extending longitucHnally of die 

45 fluid flow passage. 

4. A device acaadin| to any of the prs- 
^fap Glahns vrfterdn me choke means is ic- 
movaUy secured in said inner housing. 

5. A device according to any of the pre- 
50 ceding Claims vrficrein die opening is across 

the tower end of the outer housing. 

d. A dCTice accordii^ to any of Qahns 1 
to 4 v^ierein the openhig in the outer housmg 
is a ade port. ^ . ^ • 

SS 7- A device aocording to Qaim 6, whercm 
the outer housing side port comprises^ at least 
one narrow donated slot in the housing wb]I» 
Ac widfli dhnoidnn of said slot bang Iks 
than the diameter <tf the paasa^ b die choke 

60 means. , ^ . 

8. A device ad^ted to be poMn«««l,5* 
wdl tubing for controllmg Ae flow of fluids 
into the tnbaig from a phuality of prodi^ing 
formations, comprising an outer housmg hav- 



ing a side port for communication with the 65 
interior of said tubing; means carried by the 
housmg for retricvably locking the same at 
a predetermined location in the tubing, pack- 
mg means for dosing the annular space be- 
t^^ the housing and mbing above and 70 
bdow said port, said housing having a first 
internal flow channd extending upwardly 
from its side port and a second internal flow 
diannd for upward fluid flow from beneath 
the packing means which is betow said port; 75 
an inner housing having two mtemal fluid 
flow passages for communication respecuvdy 
with said first and second flow channels, 
both of said flow passages communicating 
also vrith the interior of said tubing above »> 
the paddng means which is above said port; 
means carried by the inner housing for re- 
trievably fastening the same in position in 
said outer housing but aUowmg the with- 
drawal of the inner housing without the tool 85 
from the wdl. 



9. A device accordmg to Claim 8 wherein 
the inner housmg provides choke means 
located in at least one of die fluid flow pas- 
sages. ^ 

10. A device according to Claim 9 wherein 
the dioke means or each of them is positioned 
at the top of the inner housing, with the pas- 
sage of the choke means or each of them ex- 
tendmg Icngimdinally of the fluid flow pas- 9^ 
age m which the choke means is located. 

11. A device according to Claim 10 where- 
in the outer housing side port comprises at 
kast one narrow dongatcd slot in die housing 
wafl, the vriddi dimension of said slot bemg Iw 
less than the diameter of the passage of the 
choke means communicating with said slot. 

12. A device according to any of Claims 
9 to 11 wherein in the case when dioke 
means are provided in each of the fluid-flow 
diannels of the inner housing, the two choke 
means arc disposed paralld to one anotber. 

13. A device according to Claim 12, 
wherdn the two dioke means are separately 
removably secured in said inner housing.^ 110 

14. A device according to any of Claims 
8 to 13, wherein a resilient check valve mem- 
ber is provided in each of ^d diannels of 
die iner housing for preventing downward 
fluid flow dierem. , 115 

15. A device accordmg to any of Claims 
8 to 14> whcrehi the outer honsmg has a 
lower side port located bdow die paddng 
means vi^di is below the fixst-mendoned 
side pon^ said lower side port comnranicat- 120 
ing TOtfa the interior of said tubing and with 
said second flow duumd of the outer hous- 
ing. 

16. A device accordhig to Clahn 15, 
wherein the outer housing lower side ports 125 
comprises at least one narrow elongated slot 
in the housing walU the widdi dimendon of 
die dot b^g less than the diameter of the 
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passage m any dboke means communicating 
with the slot. 

17. A device according to Claim 15 or 
16 wherein the annular space between the 
outer housing and the inner housing above 
said lower side port is closed by packmg 
means. 

18. A flow coxitiol device, comprising a 
main flow control device and an auxiliary 
flow control device which can be removed 
from the main flow control device without 
removing the latter from the wdl, for a wdl 
flow conductor having a longitudkual flow 
passage and a first lateral port commnnicat- 
mg with the flow passage intennediate the 
ends diereof, the main flow control device 
induding: an dongated mandrd positioned 
in the wdl flow OHiductor and provided with 
an internal flow passage for 

at its upper end with ihe flow passage in 
die wdl flow cottductxir and widi a second 
lateral port intennediate ibt ends of tiie man- 
drd for ccnmnunicating with the exterior of 
die mandrd and said istexnal flow passage 
2nd with said flxsc latecal port; seal means 
cankd by die mandrd for sealmg between 
the wdl flow oondoctor and die mandrd b&* 
low said lateral ports, said mandid havmg 
an apemire for communicatmg with the flow 
passage of the well fliyw conductor bdow 
the sed means; means carried by die man- 
drd permitting flow in one diiecdon only 
into die intemd flow passage of the mandrd 
through said second latend port and said 
aperture; the amdliaiy flow control de^ce 
being ideasably secuiable to die upper end of 
the mandid axid having means estoiding into 
the said intemd flow passage providing with 
said intemd flow passage, \dien die auxiliary 
flow control device is secured to tiie main 
flow control device;, a first flow passage com- 
municating with said second lateral port of 
the mandrd and opening upwardly into die 
well flow conductor alx^e said first lateral 
port and providhig a seccmd flow passage 
communicating widi said aperture and open- 
ing upwardly into the wdl flow conductor. 

19. A main flow ctmtrol device accoidmg 
to Claim 18 wherein seal means is provided 
on said mandid for sealing between die man- 
did and the well flow conductor above said 
ports. 



20. A main flow control device according 
to Claim 19 wherem means are carried by 

the mandrel for rdeasably securing the man- 55 
drd in the wdl flow conduaor and wherein 
the auxiliary flow control device has means 
in each of said first and second flow passages 
providing restricted orifices of predeteimmed 
rdadve sizes. ^ 

21. A main flow control devio^ according 
to Claim 20 wherein said auzfliary flow oom- 
ttol devi(^ comprises a mbe extension tdes- 
copable into said mandrd and having its 
lower end comnmnicating with the apeitnre 55 
of the mandrd. 

22. A main flow contml device^ according 
to Claim 21 wherein seal means are provided 
between the mandrd and the mbe extension 
di^osed between said seomd latend port 70 
and the aperture of the mandrd. 

23. A main flow control device, according 
to any of Claims 18 to 22 wherdn the man- 
drd b provided with a downwardly fadng 
shoulder at the upper end diereof, the 75 
auxiliary flow control device having means 

for engaging die downwardly fadng shoulder 
to ideasably secure the amdliaiy flow control 
device to the mandrd. 

24. A main flow control device acceding ao 
to Claim 23 wherein a lode means is pro- 
vided on the auxiliary flow coEntrd device 

for holding the rdeasable means against dis- 
enpBaement from tiie downwardly feeing 
shomder. 35 

25. A main flow control device according 
to any of Claims 21 to 24 wherein said 
auxiliary flow control device has a body pro- 
vided with a pair of upwardly opening flow 
passages, one of said passages communicating 90 
with said second lateral port; and the other 

of said passages of the body communicating 
with said aperture. 

26. A flow control device substandally as 
herein described with rdorence to Figures 1, 95 
2A, 2B, 2C, 2D, and 3 or Figures 4A, 4B, 
4C, and 4D of the accompanying dmwiii^^ 

PAGE, WHITE & FARKER, 
Chartered Patent Agents, 
27 Chancery I^ne^ 
London, W.CZ 
Agents for the il^licants. 



Uiunbston Spas Mated lor Het Majesly't Stathmeiy Office by die Gouiler Frear-1M5. 

PablUhed at Tbe PMrat Offiea, 25, Soathampton Bdldlnfa, Lo^, W.C^ taTi^dreepiw nay ba 



1008383 COMPLETE SPECIFICATION 

e cuccTC "HifJ drcwfng Is a reproduction of 
o dncci^ Orig/noJ on a rtductd scale 

Sheets 1 & 2 




1008383 COMPLETE SPEaFICATlON 
ow/nf It a npni 
riglnol til a redu< 

Sheets 3 & 4 



c eurcre Tfc'» <''«»/nj l« 0 «pnK»uttIo« of 
6 SHEETS Orlglnol »n « reduced see/e 




1008383 COMPLETE SPECIFICATION 

ft cuccT*: This drawing Is a rtprwiucaon of 
D ^Mttid Original on o reduced scalt 

Sheets 5 & 6 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SroES 



IIJ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ' ■ ■ ' ' ■ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem MaObox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 



